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The L i n e a r  Signal/Koise S:unnxr as  outlined i n  the <J!’L L)esip Spec i f i ca t ion  

is t o  f i : n c t i m  as a n  acc ,xa t e  power leve l  moniter and control  of signal power 

and n7ise gowx levels,, 

pover l e v t l s  the hmmcr i s  t o  l i n e c r l y  mix them and therctiy generate accurate  

and s t ab le  s l k p a l  t o  noise r-7tixa 

Linear S/X 5 m e r  are:  

I:y iridepsnderltly atterluaijng the s i g n a l  power and noise 

‘L3c spec i f ica t ion  requiroments f o r  t h e  
a 

Tne Linear 2/11 3 m o r  Kk,ich h a s  been b u i l t  d i f f e r s  from the one out l ined  

i n  the s p e c i f i c a t i m  mainly i n  the PorJer Monitor. The Power Monitor incorporated 

serves not mly as a device t o  monltor the s igna l  an6 noise power l e v e l s  but  also 

as a feedback cgntrol  on the noise source with the  average signal power used 

as the  reference. The r e s u l t s  (7f the measuremnts of 

the S/N S - m e r  meet the req.iirom?nts as n. t l iner!  i n  the  spcc i f ich t ions  atiove. 

The repor t  hort?in c lritairis the arraly?is and I>erfommce r e s u l t s  of the 

L i n e a r  Signal/IIoise .;ci-nrner dus igpcd  as  p r  t h o  recpiremerits of JEZ Dosigm 

areas of desigr! En 3 5~ . .5 pcjrforrmice. :?lese incl udeo the noise soirce,  the 

f i l t e r ,  the noise a z r l j i i e r ,  t i : l :  !;O‘!:: SOUT(’L ar:ll modulators, t h e  power monitor 

and the o v e r d l  sysEcm .,erforrknce. $. \ l o c k  5agr-zm of ‘,i.is breakdmn is shown 

in Figure 1. 

- 1. - 
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M t e r  a sdrvey of the com:ercial ins t runenta t ion  ma-kef,, Rhodes 

and Swartz was se lec ted  as  the s m p l i e r  of the n?'ir;e source. Based 

on noise poWI:r snec t ra l  dens l ty  t e s t  condxted  ky the v e n d x  i t  was 

decided that the noise gerara t3r  w m l r !  meet the spec5ficat ion require- 

ments. J s ing  fre? :e-,c:- tra- s la t  m tec,.?iq.ies, the noise xenerator was - 
t e s t e d  f i r s t  f r 3 m  bs  t o  55 ::O i n  XT steps isir,;; a 1 5X de tec t ion  band- 

width. The noise so:irce r:?s t?,en t e s t ed  i n  1 I:? s t eps  from 50,OO IiC 

100 cps s teps  from SC.033 :;2 t o  50.021 :1C with  a de tec t ion  bandwidth 

of 6 q s .  

The p l o t s  of the  test r e s u i t s  a rc  siiorrn i n  F igure  3 ,  b, and 5. 

The t e s t  set-up fgr  the 1083 cps s t eps  i s  shown i n  Figure 2. 

I:rom the r e s u l t s  shown i n  Fi,;ire 5' i t  appears t h a t  t h e  power 

dens i ty  f a l l s  outside t h e  r e q x i x d  s ;secif icat ion o f '  + .Osdb. 

i s  inconcl-isive i:: t ha t  an insut"ficient amount of time was a l l o t e d  to  

acquire  a measurement a t  any one fmqiency. Tn t'lis tes t  set-up, the 

detected outpzt was recorded on a s t r i p  c h x t .  

of time the char t  r ewrd ixg  :JZS yanhLcal:r  in tegra ted  t o  yet the mean 

v a l  le f o r  t ' . a t  f req. lcncy.  

i n s  -re 95:; mnridencc wlf,h a + .r$d?- tolera-ice i s  arp-qxinately 16 h a w s  

f o r  each Zr.?y:del!cy a5 ti i s  6 ha .  cir:ldt,h. Al t ' - ln .~zh  i t  is n o t  known 

exac t ly  what time was a l l o t e d  f o r  t" is  tes t  i t  i s  knmn that the in te -  

grati?:; tixe was ir;s.d!'icLc:.t. 

1a:d'rridths i'or m?re poir.ts c ~ u l a  !,e samFled i n  a shor te r  period of 

The data - 

After a given per iod 

Ttie rt.q,:i_rcd neasIire:?ent time necessal-j t o  

- 

' 3 5 s  1;:;':; not, ;I prcklem st t h e  lL-ge:. 
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average power d e n s i t y  p l o t  and tased on t h e  r e s u l t s  of these two t e s t s  

( L e e  1 KC and 237 cps \.a dwidthss)  and t?,e f a - t  t k t  the readings of 

the 6 cps Ia. ,drJldth were s?read about zero,  t?!e generator was selected 

as t h e  noise smrce,  

be tes ted a t  t!ie Sumn;er o.:t?ut taking the Linear C/K Summer as an 

I t  waz decided t'.at 6::e s p e c t r a l  derlsity would 

i n t e g r a l  systom, 

4 



bandwidth of 10 MC is w r e a l i z a t l ? .  i t  wds therefora decided t o  
2 design a passband of’ 46 tcl >L I I I L ~  u f lz tnes9  of .OSdb and s t r i v e  

t o  achieve a m i s e  bandr;l:ith clew ;mss1: ie t o  10 ::do ??la 

above parameteri along wi th  a Gm.2 qf 1.1;. a n  i-:->e!ance of 50 ohms 

- 

r e s i s t i v e  and a insertion loss of 1tlb :ax~mm, W’:R p r i  ramried i n t o  

a cow-.iter, The results i : :d ic~te i j  a 5 ? r ) l : !  f i l t , : ;  mi2d y ie ld  a 3db 

ITvl of 11.5 IlC w i t h  an  impdayice qf 1 o’ r: rt,a .ti-.re a d  59 ohms r e s i s t i v e  

a t  the input a:id o : t . T ’ i t ,  

- 
Tne p r i n c i p l e  X C ) !  l en  was the ?ract ical  

r e a l i a a t i o z  7f t h e  c o i l  acclrraciesc T;:,in:; tralisf t i o n  tsckniques 

the r e su l t an t  f i l t e r  s h o w  i n  I’ig1a-e 6 \:as c J n s t r x t e d ,  

The V 3 d 2  of t h e  f i l t c r  wa: clleakcci ~,:>ing a rc f lec tmeter  tectmiques 

from 45 !.IC t o  55 w - s  chi. At:,’ r n  t h c  1,; + I e:olution dua l  chwnel 

system and t h e  out of baric! I W ~ I ~ O I ~ ; ~  iiab r11e:ked using a w r i e s  suh- 

results of these  two tests are  sk~n:m on tfit, flea tency response p l o t s  

of Figures 9 and 3, Yri7-7 the:;~. rvs111t,s _ i  ca? 1 e see!\ t , h t  the 

f i l t e r  is s l l r . h t , i y  o f f - se t  f r m  50 !‘T at  L b f i  ’?C with a noise band- 

u id th  of 1500S YC arA h a s  a pass !axd r+ss:,orAe of .r)Sdh over  an 8 MC 
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which i 3db down from maximum gain and approximate y the operating poln 

used i n  the system operation. 

noise amplifier,  the Noise Amplifier/Fil ter frequency response was 

measured t o  be f l a t  within + .Osdb from 44.6 t o  53.6 MC. 

measurement r e s u l t s  were repeated severa l  tims within .02db. 

r e s u l t  of this f r e ?   cy response test is shown i n  Figure 13. 

After retunjng the power s tage of the 

These - 
The 

The frequency response of the Noise A m p l i f  i c r / F i l t e r  was also 

checked i n  an ovei  a t  3SoC, 4OoC and hS°C and found t o  be qu i t e  de- 

pendent on temperature. 

l.4. 

F i l t e r  i n  i t s  final form would be placed i n  a temperature control led 

oven. 

The r e s u l t s  of this t e s t  a re  shown in Figure 

From t h e  results of t h i s  t e s t  it was decided the Noise Amplifier/ 

The e r r o r  due t o  intermodulation i n  the Noise Amplifier may be 

analyzed by representing the t r a n s f e r  by a power ser ies .  It was found 

~~ 

t h a t  the t h i r d  order harmonic intermodulation of (2fb - f2) had r e su l t i ng  

?roducts which f a l l  within the p a s s b a d  and cons t i t u t e  an  e r r o r  in the  

true amplifier noise power, 

a t  r a t ed  outnut, 6db above r a t ed  output and 6db below ra ted  output. 

This was t e s t ed  using a two tone test 

As shown i n  Table I, the passband intermodulatton power contrihli t ion 

is less than l/lOOQ of the fundamental. 

-18- 
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K1 ;:c 5s IIC 56 MC 

6db Above !:ominal iks' . Xef 0 -32db 

Table I, Xoise A-,plif  l ex  fr.tvrmrdul.ation Tsst Results 

The b i s e  Amplifier power tra:isfer was tested t o  g e t  a measure 

of the  l i n e a r i t y ,  "lie Po trar~sfer i z  shorn in Figure l so  The - 
Pl, b 

regions af i n t e r e s t  are the  operating p o i n t  wltich is very l i r r e a r  and 

the ~ sa tura t ion  ~~ level wi:ich shows a 3.dk c?mpression up t o  l3db above 

the nominal operat ine p o i n t ,  

-21 



+++ . . . . .  
. . . . . . . . .  . . .  I .  , 1,: : :  

. 1 . .  I ! 

, , ' . I  . . . . . . . . . .  ' ; / : : .  -.., j j  1 ;  . . . . . . . . . .  ,-. 
, . ,  , .  , .  J yy ; .  
. . . . . . . . . . . .  . . ' .  . *.. . . . .  ..- .--L--.4-- 

. I . , . ,  

-i.--d--- b 

' , " " I  . . . .  ; : . .  . .  , . . . . . . . .  

I '  

k 



The s h m t  ant1 lorif- term stal  i l i t j  -,f t : , ~  SQ ::C. s3urce is of cmsiderable 

importawe as appliwi t o  the tra;.smitter/recei.rcr pa i r ,  The d e t a i l s  

qf t:,e:;e c ' .p rac 'e r i  ; t j c s  a d tL:e 7r.en.s t,al:en t o  achieve sui table  

stal i l i t y  c h a r a c t e r i s t i c s  are  3isru:scd i n  th.: I'. 14, k c e l v e r  Stuciy. 

an arl;;le noctiilatcd czrrier w i t h  s tal ;e p o x r  c l z i r ac t e r i s t i c s  agd low 

S;J u-io.is l c v c l s o  The nQise source isreferc?nced t o  the s i g n a l  source 

s7xh t ixt  chnngcs i n  the sigrial sour?e is  not r e f l ec t ed  as a change 

i n  s i g n a l  to noise r a t i o  but rather as a ch?ri,;e i n  a t s o l u t e  signal 

and noise power. 

The 1 IIC Standard was patterened a f t e r  an e x i s t i n g  desi,- that 

was developed t o  exhibit extremely low s h o r t  term i n s t a b i l i t y .  The 

SOUTCB inclzides a proport ional  temperature cont ro l led  fundamental 

c r y s t a l  (Q - j O O  10 Further,, the  c r y s t a l  drive  is  control led 46 
). 

by an  ACC, l o o p  and the o s c i l l a t w  is i s o l a t e d  from the  load by 

s l i table  tuffqrs, The sc:icmat.ic diagram of this un l t  is indicated 

i n  Fi2'u-e 16, 
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are i n c l d e d  i n  the ':' . b ppei*rot  j' i l ; rm "lie 5.1 irio:iS levels  rn-liti?re 

t o  the amodulated carrior '  are 11 st2d i n  Tal l e s  II and 111, 

The long term s ta t11  ~ t j r  )i' thc 50 ;; Z ~ ~ J I P ~  meastired 7.5 parts  i n  

i n  19  hours over a tercperat7re xanl;r ~ l '  t ' r  - 20'1: centered on 2 5 O 2 ,  

The schematic diagrans of each rnilii;dier i n  i nd ica t ed  i n  Figures  1 7  and 18, 

The s i g n a l  and nnise a re  ch2ppe.l a t  13'" cps- After de tec t ion  

i n  the bdometer ,  the si:::lals ere a:-?izf'ieI- i n  TBL;TC)W band 109') cps 

amplif ies  t!ius rec,:iirint; acc:-rat,e and 2 t ab le  1030 cps sii:nals, 

This apc-hacjr and freq1:er:c::; s tabil '.try is  achieved ttlronfi;h freqlimcy 

d iv i s ion  from the 1 !T  Standard,  

Divider i s  shown i n  F i g u r e  l", 

two 10303 cps d r ive  si: ;! .als f c ~ r  t!:? fecIl\ack moiu'tor arid two d r ive r  

signals arc required in tfle tes t ,  r ~ ~ m r e .  ,g;::t, sb-stom, 

A t l , n c k  (!jagram of t h i s  Dig i ta l  

The 1 , imar  Z/?i .;;mer requires 

The 1000 cps dr ive  s j g l w l  from t?ie Ll igi ta l  Driver  al ternately 

s h o r t  and o %en c i r cu i t ,  a di-ocle L R  ~tbl-.ics r i i t h  the center corducbr 

of each transmission l i n e .  The i?Y powci. iT?ciderit on t8he diode modulato.p 

is re f lec ted  ; ? h x  the diode is open rirci.A%?d dxe t o  the h igh  fonjard 

impeda:.ce and i s  t ransmit ted thrcu;$ t,he diode r b n  the diode is short 

c i rcu i ted .  

IIigh pass f i l t e r s  a?" used on thc ~ - ' , p I ~ t  and w t n ~ i t ,  of the  diode modulator 

t o  attenmate 1000 cps cur:*ants Pr:? lorr nass filters are cascaded on 

the d r i v e r  l i n e  t o  isolate tl!e (qriw?r fr-.q t!ie IT circir i t ry .  

A s c h e m t i c  of the r J i i I ' e  noduIat?r i s  shown i n  Figure 20. 
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FR EQ u E N C  Y (MI C) db DOWN 

F R E Q U E N C V  (MC) 

2 0  
2 5  
3 0  
3 5- 
4 0  

4 5 
4 9  

5-C 

90 d b  
80 
81 
90 
0 

90 
90 
90 

90 

6 5  
90 
90 
90 

' ' d t iL i1 i~~r  ~pur io~ i : ;  ? evt:ls 

dt DOWN 

65 
70 
6 5  
7 7  
6 6  
7 0  

8 0  
0 

G g  

65- 
80 
80 
55 
7 0  
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VI. PO'diZiI 11C:iITOR 

Several techniqiie3 of power morutoring w i t h  feedback cont ro l  f o r  

accurate  power l e v e l  cont ro l  i n  tha Linear S/M S m e r  were investigated.  

It was decided f o r  versa t i l i ty  and hir,h resolut ion t h a t  the Weinschel 

Engineering dual charnel n u l l  detect ion system wmld he used, 

system w i t h  modification offered good s t a b i l i t y ,  d r i f t  free gain, a n  

accuracy of .02db/10dh with re so1, i t ion capabi l i ty  of .001db and the 

f l e x i b i l i t y  of 'is@ i n  r eca l ih ra t ion  of the prec is ion  noise a t tenuator  

and sic-la1 att,enua tor. 

This 

This system shown i n  Fig:ue 21 is bas ica l ly  an audio system with 

Iioise power s a p l e d  from the noise channel 
' 

synchronous nirll deLection. 

through a 1sdb couple; is  chopped a t  a 10 10 c p s  r a t e  thus producing a 

1000 cps s i g n a l  a t  the output of the bolometer, 

signal i s  then appl ied to  an ad jus tab le  2 t o  104db prec is ion  audio 

a t tenuator  netrrork and a low noise narrow band (30  cps bandwidth) 

The detected 1000 cps 

1000 cps tuned am2lif ier  v i t h  a g a i n  of approxirmtely 13Odb adjus tab le  

over an  80db rangs, 

s ignal  i n  a sjmchronoi:s n u l l  detector .  

50 l lC signal derived from the 1 I X  standard and sampled from the 

signal channel i s  the se.m man'ier as the noise signal. The reference 

signal l i k e  the noise s i g n a l  is amplified i n  a narrow band, high gain 

(approximately %db-voltage gain) 1030 cps tuned amplifior and f ed  to  

the aynchroxue null detec tor  t o  Le compared with tho noise s igna l ,  

It is then compared with a reference 1009 cps 

The reference signal is the 
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The synchronous null  de tec tor  provides an output about some pre- 

es tab l i shed  operating v o l t a p  when the amplitndes of the noise s i g n a l  

and r e feEnce  signal a r e  first Lalanced a d  then there is  a change i n  

the r a t i o  of the two s ignals .  

constant amplitude phase s h i f t i n g  ne tmrk  with a phase s h i f t i n g  c a p a b i l i t y  

a t  1000 cps of Over 3603 e s s e n t i a l l y  without a change i n  amplitude. 

Vectorial  comparison of the  refercnce s ignal  and noise  signal is made 

by a n  adder c i r c u i t ,  From tkte adder output, the signal i s  f e d  t o  the 

slin-log amplif ier  whose Gain decreases logari thmical ly  as the  unbalanced 

The reference signal is  appl ied  t o  a 

amplitude increases  providing maximum s e n s i t i v i t y  a t  mall amplitude . . 
-. . 

' differences,  l in - log  amplifier is appl ied t o  the 

amplitude increases  providing maximum s e n s i t i v i t y  a t  mall amplitude . . 
-. . 

' differences,  l in - log  amplifier is appl ied t o  the 

cont ro l  g r id  of the synchronous detector,, A second signal taken f m m  

the  o:itput of the  phase shifting network is applied through a l imiter  

and a square wave shaping c i r c u i t  t o  the def lect ion p l a t e s  of the synch- 

ronous detec tor ,  The synchronous de t ec to r  is  powered through a floating 

power supply and referenced t o  ground through the feedback zener reference 

vol tage e .. 
An analysis of the power monitor feedback control  loop was made 

and i t  was found that the loop  was unstable a t  low gain s e t t i n g s  and 

also the gain of the feedback I m p  was grea t ly  a t tenuated when the 

loop was closed. 

the components lumped i n t o  a siny;le b lock  i s  shown i n  Figure 22 . 
* K l F l  ( s )  i s  the t r ans fe r  funct ion of the noise amplif ier ,  F2(s) the  

A block diagram of the feedkack loop with several  of 
v From 

noise f i l t e r ,  
a t t enua to r  and bolometer, a F L , ( s )  the PA-5 and KSFS(s) the ND-2. 
This block diagram si-,ows f w o  summinr: po in t s  t o  rcpresent the reference 
of the noise channel t o  the .qi.Enal channel. 
t h i s  AC reference can be assumed t o  be f ixed  and constant and therefore  
a t r a n s f e r  of one. 

K3F3(s) i s  the comtined t r ans fe r  of the modulator, 

I n  analysis of the loop' 
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the closed loop t r ans fe r  function, a Bode iliagram was constructed. 

t r a n s l a t i o n  a t  the synchronous Getector the only corners  uhich influence 

the loop statilitjj a r e  contr ibuted by the EA-5 1000 cps narrowband 

amplifiors., 

second crder poles centered a t  100 cps with bandwidths of 30 cps o r  188.4 

rad./sec. 

o sc i l l a t ed ,  

addi t ion  of a s k p l e  RC l a g  network with a time constant of .02 radian/zec. 

The a t tenuat ion  of the feedback gain was due t o  the loading of 

After 

This amplifier has two twin tee f i l t e r s  each of which have 

Tiis was vs-qified by observing tho frequency a t  which the loop 

The i n s t d d i t y  of the  loop was corrected through the 

the synchrxmus de tec to r  i n  t he  closed loop operation, 

de t ec to r  (1'ig.x-t. 2 j  ) is a dual p l a t e  gated bean pentode which i s  powered 

The synchro*lols 

- 

t!iro!i& a f l o a t i n g  

low impedance Do?. 

p la t e s ,  In closed 

AX cii-cuit  ir. the 

power supply and i s  referenced t o  ground t h o u @  the 

reference vol tage  which is  adjusted a t  one of the 

loop operation, the oti:er p l a t e  i s  conyected t o  the 

noise ampl i f i e r .  This  also i s  a low impedance circuit 

wiiich, h e n  switcnt:d i n ,  pu ts  a lov  im?edznce between the two p l a t e s  of 

the de tec tor .  

problem was solved t y  connectiq; an impedance matching cathode follower 

between t he  p l a t e  of the s p c n r o n - u s  detector and the AGC circuit,, The 

add i t ion  of the cat?.otle follower had a second advantage i n  tha t  the 

.32 rad./sec, lag r-etuork xas placed a t  Lhe grid of the  cathode follower 

and a higher val'ie res i s tance  was rcal izable ,  

T h i s  was a prol-len :-ccaiise i t  is necessary t o  de l ive r  0 t o  

cur ren t  f o r  the  Al;C network, 

"he resu l t i r ig  loadiw 1ob:ered the open loop gain. This 

This i s  shown i n  Figure2h , 

ma of drive 

- 
-34- 



I 

I 

4- 

With the ad-od notwwk, the 3pen loop  Gain measiced 46db, irith 

a Gain m r g i n  of 20db. 

with respec t  t o  d r i f t ,  s t a t i l i t y  mi! cor rec t ion  of noise l e v e l  chznges 

was neasured usini; the dual c!ictnnel system a t  the  output of the summer 

shown i n  F igwe  2 s 0  

reference s i d m l  from the ' 0  ;IC sxin1a-J  t sc re ty  rcferencinq both the 

feedback control  slvc,tt:;n 2nd neasurin,; system t o  a common source. The 

system rs'as i n i t i a l l y  c a l i t r a t e d  1 y f i r s t  e s t ab l i sh ing  a reference level 

a t  t h e  simmer Q i 1 t m t  deri:.ad sol 1;. ?Yon the signal channel (noise 

channel atten7iated) ;J i t ,h  t llc sys $1 :; onerati:. ! n open loop  operation, 

Ther. w i t h  the si. nal cL,an.-el attellcater: , the  !X voltage on the Noise 

ArqAifier is ad,;ustcd t o  wke  the p m ? ~  l e v e l  i? t'le noise channel 

The p e r f a m a x e  of the feodback cont ro l  loop 

Tti3-s dual thm. c1 i z a s U l x  system derived its 

!Jith the noise l e v c i  ad;< tec! t 

the 1039 c2.s atter.uat,'3;'s i.1 ti.,&? fc-.db: ck c i r c u i t  were adjusted f o r  

b x c  s:g::al l e v e l  as described above, 

a n u l l  anti the loop was clmeti .  ??:e feedback loop then automatically 

adjusted f o r  POKL'I l e v e l  c k  : _e> 1 : i  t,.c n ? x e  charxiel about the A X  

7 I .  ,iieUh the lco;> clo;<:~1,, t,!..:i.,.; is :i . E d b  o f f s e t  of the  noise l e v e l  

from the o r i g i n a l  r.;fcr.~r:cc: l eve l .  -, !'or ltlb c1:mpe a t  the Tioise 
..) 

Cenera tw tk,;c output of t t e  c 3 r . c c t s  t o  o?l(!b of the original 

reference leve l ,  r:V i' any st.srt tcrr-, periDd i t  :!as d i f f i c u l t  to  discern 

any &if+ of tF.e noise  c:La,..i?l :i+.t: :'t:snect t-, the si=nai channel. The 
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f o r  i n  t h e  noise l e v e l  by the fecd'ixack con t ro l .  

Thu t c r l p i - ~ ~  I: . ,er,s:+:., L; ( f the bolometer i n  the  feedback control  

c i r c u i t  as a s3Jrce 9;' dr i f t  \e.ttr'een the tsjo clLan.els was t e s t ed  by 

placing the bolometers i n  an m e n  and varying the  temperature from 35 0 C 

t o  4S0C t o  55°C. 

The system was f i rs t  run a t  room *,cn?eratdre ty takin7 reading i n  the 

dual channel pqint by po in t  frotn !io K t ' . r a > y h  60 !T and recording these 

as reference rea,!Lngs. 

a-d the deviation f rqm the rea?:rr;s at, mort t e n > e r a t ? m  was recordeda 

These readings aro si.?wn i:i Tat le  FJ, 

was within + .02db over t h i s  temperat-xe change. 

?'he djagrax qf :h--s t e z t  set-up i s  shown i n  F i g r e  26, - 

The system \*as again run E t  the atove temperatures 

%.e w c r a l l  bolometer sensitivity 

- 
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VI1 SYSTEI.1 P L i O X . Y Y I Z i i  

The performance of the Linear S/ii Summer was t e s t e d  aga ins t  the 

JPL spec i f i ca t ion  ;Joe ~3PG-l~OAZ-DSM ?amEraph 3 . 5 . 3 .  

uere conducted i n  the f ol l  owing area; ove ra l l  frequency resnonse, in te r -  

modula t ian,  l i n e a r  summine, average s/?; accuracy and S/Ii r epea t ib i l i t y .  

Test measwements 

Frequency response t e s t s  s i n i l a r  $ 0  t’,:ose described i n  S e c t i m  N 

on the IJoise Amplil’ier, were condlxted 3n each of the components i n  the 

Linear Summer and t!-cr; 3 n  the c m l e t e  noise chan1:el of the Summer. 

The r e s u l t  of t!:is ovr.rall  f rcc  lencjr response was i d e n t i c a l  t o  t h a t  of 

the Koise f’mplif i e r / F i l t w  !:on‘i.i:~’,lon s!:?wn i n  Figure 13- 

L 

Two tone t e s t s  t o  ,.iete:.nine t1:e hXrd order intermodulation prodiicts 

wer.: conducted on ths complete nsise  C!AII ,21 t o  determine if any of the  

other  com2one::ts besides  the Iioise h n p l i f i e r  ;Jere introducing non- 

l i n e a r i t y .  The r e s u l t s  of t h i s  t e s t  a x  silotin below i n  Table V. 

Input Freqw.;cjl fl = SO i X  a t  -5 dbrn 

Input Frequency f2 = 53 ;IC a t  -5 dbm 

( 2 f l  - f*) = &7 I!? 

:Jominal Outp’it -2 dbm 

- so  I X  53 !IC ir7 I X  

-5 dbm 30 db down Xominal -5 dbm 

3db Ahove Yorninal -2 dbm -2 dbm 30 db doun 

6dl h b v e  I:ominal +1 dlm +1 dhm 26 db down 

Ta! l e  V. 3 i s e  ;hamel  Intermodulation Test Results 

-39- 
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Comparison of the t h i r d  order intermodulation products of the noise 

Channel with those of the Noise Amplifier show that the noise channel 

produces intermodulation products i n  the worst case (6db above nominal) iZ 

6db higher tt;an tL13se of the Noise AmplFfier aloneo 

extreme case ylelds a t  wmst prodlicts i n  the  order of 1/500 of the 

desired signal. 

Even taking t h i s  

A verif ica+, lon t e s t  of the l i m a r  summing a t  the output of the 

S/IJ Summer i s  shown i n  Fig:ire 27 

ad;usted f o r  eq-1 power levels, then'with the l i n e a r  S/N summer operating 

i n  i t s  normal operating condi t ion of closed loop, each channel was 

separa te ly  -rzr i?d xsing the prec is ion  at tenuators  and the change i n  

output power wa3 rocordedo The change i n  powor output was compared 

with the theo re t i ca l  change t o  ;et a measure of the  linear summing, 

These readings are shown i n  Table VI. 

The output of each channel was 

v 

For the average S/N measurement, the l i n e a r  S/N Summer was s e t  up 

in i ts  noma1 operating condition as shown i n  Figure 28 .  

measurenent system connected t o  the output of the summer as  shown i n  

F i p i r e  28, the porier l e v e l  of each channel was adjusted such t h a t  a t  

With the 

the output of the ampl i f ie r  i n  the t e s t  set-up, the Signal  Power P, was 

lOdb down from the ?Ioise Power Pno A t  the output of the summer i tself ,  

the M i s e  ''ower P, is 2Mb grea te r  than the Siqnal  Power P, because the 

bandwidth of the noise chanqel is 15 XC whereas the t e s t  ampl i f ie r  band- 

width is  approximately 1.5 X. 

ampl l f ie r  output was -10 dbm and -20 dbm respectively.  

combinations of S/Ii h t i o s  w i t h  the above set-up a r e  displayed i n  the 

The resulting P, and P, a t  the t e s t  

All possible  

-40- 
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matrix shown i n  Table VII. 

In the measurement Set-upJ the combination of the a t t enua to r  and 

amplifier A had the range of 0 t o  3Odb of at tenuat ion.  

s e t  a t  3Wb, Pn - -10 dbm and Ps - -20 dbm; for A s e t  a t  Odb, Pn 

and P, - 410 dbm. 

"hat is, for A 

+20 dbm 

The matrix was divided i n t o  4 quadrants such that; i n  ' 

- -  

. 

t o  0 for the signal a t tenuator  (SA) s e t t i n g s  and 3Odb for the noise 

a t tenuator  (la) settings; i n  quadrant 111, A was s e t  . t o  Odb for the 

NA s e t t i n g s  and 3Odb f o r  the SA se t t i ngs ,  and finally; in quadrant N, 

A was s e t  t o  Odb fo r  both the NA and the SA se t t ings .  In  the above 

manner, it was possible  t o  . test  every possible  S/N setting, 

With the r a w e  af  SOdb for each a t tenuator  and the Smdlle8t increment 

of each of .ldb, there  are 500 possible s e t t i n g s  on the ]?A and the SA 

or i n  combination 25 x l& possible  S/N se t t ings .  Since t h i s  was 

virtually impoesible to  t e s t  i n  t o t a l ,  random settings uere  generated 

I n  each quadrant and a t o t a l  of 10 readings were taken from each quadrant 

plus the corner s e t t i n g s  of each, L e .  0,O - 0.0, 0.0 - 50.0, 50.0 - 0.0 

and 50.0 - 50.0, 

From the r e s u l t s  of these tests,  the  mean, variance, and standard 

devia t ion  of each quadrant wae calculated,  These readings end aalculir- 

t i ons  are  shown in Table VIII,By comparison, each quadrant was found to 

be a sub-set of the t o t a l  population, and a moan, variance and standard 

dev ia t ion  was ca lcu la ted  for a l l  the readings. 

deviation.  r t a t m e n t  can be nrde 95% confidence that no prom than 

5% of the reading8 would fall outside of t .156 db of the mea% 

From t h i s  mean and standard 

Y 
.- . 
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* The power levo18 Fndicatad a t  the beginning and end of the quodnnts 
of tho  sigvl rttenurtor row and noise attenuator column are: 
(1) tho power lorols a t  the output o f  the 8-r referenced to the 
WC bandwidth of t h o  amplifier A ,  and ( 2 )  the m e r  levels into 
tha bolaroter. 

2 ,  

I 

'hblo VII. Matrix of Aversgo S/N Readin8 
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13.4 

8.3 

a0 

27.0 

19.9 

0.0 

+4.2  + 4 . 0 7  -.I3 

41.6 +l.56 - .04  

-10.0 -9.91 +.09 

I n ' = n  T =  - , 0 4 7 5  
V I .  00664 c= oeos 

1 

Q U A O R A N T  .31: I 

NO. 5.14. 

II_ 

Z.A. 

38.4 

49.5 

29.7 

-- 

N 0. 

+ 2 r  70 

- I 7.3 0 \ -. 1 0 I 4 113.1 4 23.9 
I I 5 i 12.6 29.3 t6.7 l r b . 6 3  

I 1.4 -3.3 -8 .40  

26.1 +2.4 +2.32 

22.2 -4.3 -4.27 

6 21.8 

39.0 

45.2 
- - 7 

8 

9 

10 

n t l l  

r- QUADRANT 'IIZ 1 I .  Q U A D R A N T  ?9 

34-43 I - IOAQ -fD.50 

4 l b . 6 7  

29.9 

44.7 

-5.2 L 

-2,34 

I I I 1 1 I I 
f 05  

I .  1 

I 1 I I 
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(1 - 1J)V .I &xit-hlx2 

Therefore with 95% confidence tha t  95$ of the readings fall within 

the limits: 

- .lgOdb< X < + .l23db 

The r e p e a t a b i l i t y  was t e s t ed  by se lec t ing  e ight  S/N s e t t i n g s  which 

u t i l i z e d  as many of the a t tenuators  ' i n s ide  the precision a t tenuators  

(MA and SA) a#- rqeattng these S/N se t t i ngs  c m t i n u a l l y  a t  a random rate 

over a four + 0 1 r  period. 

pwsible  t o  repeat  each s e t t i n g  t h i r t e e n  times f o r  a t o t a l  of Id, readings. 

l3y using only eight  S/N Sett ings,  i t  w(i8 

In order t q  cover a wider range on both the HA and SA, the 2Odb pad uas 

removed from 

mice at th 

signal chpnnel 8uch,.that the signal 

the same setting. I n  order to  e l iminate  as much drift and instability 

I n  the t e s t  equipment, the t e s t  amplifier was removed and the readings 
. 

were made a t  the noise bandwidths of 15 I'IC with a beet set-up 8 W l a r  to  

t h a t  of Figure 28, 



The data compiled f o r  t h i s  measurement i s  shown i n  Table IX. 

The largest difference i n  readings f w  any one s e t t i n g  was .C)23db. 

Th i s  data was analyzed and the  man, and standard deviation f m  ea& 

of the e ight  readings waa cmputed. 

tolerance limits was applied t o  each of these s e t t i n g s  t o  ge t  a masum 

of S/N s e t t i n g  repea tab i l i ty .  

95% confidence tha t  no more than s$ of tho readings would repeat outside 

+ .02kdb, 

tolerance l i m i t s  a r e  shown a t  the r i g h t  of Table IX. 

The 955 confidence l e v e l  at  5% 

In the worst case i t  can be s t a t e d  &th  

The ca lcu la t ions  of the meano standard deviat ion and 5% - 
I 

Each group of the e ight  S/N m t t i n g s  was t r ea t ed  as a subset of 

the to t a l  readings. A mean and standard deviat ion was computed f o r  each 

of these subsets. These calculat ions a r e  shown a t  the bottom of Table 

IX. The off-act of the mean for each of the act of readings was found t o  

be an  e r r o r  i n ' t h e  s e t t i n g  up of the i n i t i a l  conditions. 

s e t t i n g  the signal power eq'tzol t o  the noise pgwer by first setting 

That i s  i n  
- 

reference level  i n  the measurement system from one of the channels and 

then dupl icat ing this reference from the other channsl. The problem 

appeared t o  be d i s t o r t i o n  intmduced Ey the  1003 cps modulator fo r  when 

the two channels were balanced using a pokier nreter, a dfpfere 

'ohia was a static off-set which c m a k  M' 

operatin(: a b u t  some value other  than zero. The re la t ion  between S/N 

s e t t i n g s  was the unchanged f o r  d i f f e ren t  off-sets. 

The change i n  the means of the 13 s e t s  of S/N readings over the 

k hour measurement period is a measure of the  d r i f t  of the Linear S/N 

Summer plus the measu-*ement system. The mean of these 13 moans is .OO5bdb 
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with a variance of 1.117 x 

this data i t  can then be s t a t e d  that with 95% confidence and 5s tolerance 

limits, the system would n9t drift more than - + .013db. This figurn 

includes the drift of t h o  measurement system and i6 m l l  within the 

and a standard deviat ion of .m. From 

spec i f i ca t ion  requirement of - + O,ldb/4 hour period fop  the signal power 

and - + O.ldb/l hour period f o r  the noise power. 

-49- 



The test resulbs of t h e  Linear S/N Sumrer'satisfy a l l  of t h e  

spec i f i ca t ion  requirements ou t l ined  i n  paragraph3.5.3 of the JPL 

Speci f ica t ion  GPG-lj062-DSN. Using random sampling techniques, 40 

S/Ii t1easi:rcmnts from a population of 250,000 S/Ii s e t t i n g s  were made 

and found to  be accurate  within + .lSSdb. The spec i f i ca t ion  calls for - 
+ .3dh over this lOOdb d w i c  range. 

was measlred t o  be between -011 and .02bdb. 

Linear S/r l  Summer is + .013dt cmpared w i t h  the spec i f i ca t ion  d 

+ 0.ldb eac'l, f o r  the  noise sowce, the s i g n a l  source and the power 

monitor. 

Repeatabi l i ty  over a four hour period 

The overall drift of the 

- 

- 
~ 

-~ - _ _  L _ - - _ _ - _ _ - ~ - ~ - -  

' - 

The frequency rcsnonse of the noise channel was measured a t  room 

temperatiire t o  k e  f l a t  within + .Osdb from w1.6 t o  53.6 MC, 

power spectral over t h i s  frequency range w i l l  be measwed as a separate 

The noise 
8 .  - 

t e s t  aiid is not pa r t  of t h i s  report .  

, c 


